QCD@Work 2003 - International Workshop on QCD, Conversano, Italy, 14-18 June 2003 
5-decays and B — B mixing within a heavy-light chiral quark model 

Jan O. Eeg 

Department of Physics, University of Oslo, Norway 

We describe a recently developed heavy-light chiral quark model and show how it can be used to calculate decay amplitudes for heavy 
mesons. In particular, we discuss B — B mixing, B — > DD, B — > Dk]' and the beta term for D* — > Dy. 



1 Introduction 

Some ^-decays where the energy release is big compared 
to the light meson masses, for instance B — > %% and B — > 
Kn, has been successfully described by QCD factorization 
[ CI 13 • However, for various 5-decay s where the energy 
release is of order 1 GeV or less , QCD factorization is not 
expected to hold. The purpose of this presentation is to 
describe how processes like B — B mixing 
0, B — > Dr\' and in addition, some aspects of £>-meson 
decays [|6|G1 can be described within a recently developed 
heavy-light chiral quark model (HL^QM) [0. 

In general, weak non-leptonic processes may be described 
by an effective Lagrangian which is a linear combination 
of quark operators where the (Wilson) coefficients are cal- 
culated in perturbation theory. These quark operators are 
bosonized within the HL^QM, where non-factorizable ef- 
fects can be incorporated by means of gluon condensates 
and chiral loops. The coefficients of the various terms of 
weak chiral Lagrangians can then be calculated. In this 
way we can make a bridge between the quark and the 
mesonic sector. 

2 The heavy-light chiral quark model 

Our model is based on the following Lagrangian containing 
both quark and meson fields: 

^ — ^HQEFT + ^%QM + ^Int , (1) 

where [|9) 

■&HQ0FT =~QviV'DQ v + ^QEFT + ) ( 2 ) 

is the Lagrangian for heavy quark effective field theory 
(HQEFT). The heavy quark field Q v annihilates a heavy 
quark with velocity v and mass mq. Moreover, is the 
covariant derivative containing the gluon field (eventually 
also the photon field). The first order (m^ 1 ) term is 

4ft = (" c m|(T • G + (iDj^) g v , (3) 



where a ■ G = a^ y G^ v t a , and a^ v = i[f,f]/2. G£ v 
is the gluonic field tensor, and t a are the colour matrices 
{a =1,..8). This chromo-magnetic term has a factor Cm, 
being one at tree level, but slightly modified by perturba- 
tive QCD. (When the covariant derivative also contains the 
photon field, there is also a corresponding magnetic term 
~ G • F, where F^ v is the electromagnetic tensor). Fur- 
thermore, (zX>_L)e ff = C D (iD) 2 - C K (iv-D) 2 . At tree level, 
Cd = Ck = 1 • Here, Ck is different from one due to pertur- 
bative QCD, while Cd is not modified f fTol . 

The light quark sector is described by the chiral quark 
model (#QM), having a standard QCD term and a term 
describing interactions between quarks and (Goldstone) 
mesons [ HTl . Making a flavour rotation of the quark 
fields qL and q& transforming as SU(3)l and SU(3)r re- 
spectively, the Lagrangian can be written in terms of 
quark fields % transforming as SU(3)y triplets (see refs.[ 
[TTl[T2||T3||Tt| and references therein): 

^ X QM = x[f(iD^ + y^ + y 5 ^)-m]x-XM q X, (4) 

where % L = ^q L and % R = %q R . Here, % = exp(iTI//), 
where IT is a 3 by 3 matrix containing the (would be) Gold- 
stone octet (7T,^, 7]) in the standard way, and / is the bare 
pion decay constant. The quantity m is the (SU (3) - invari- 
ant) constituent quark mass for light quarks. The vector 
and axial vector fields and ^ are given by: 

and M q defines the rotated version of the current light mass 
matrix Ji q = diag{m u ,mci,m s ): 

M q = M v q +M A q75 ; M v / = \{&J( q $ ± %J%%) . (6) 

In the light sector, the various pieces of the strong chiral 
Lagrangian can be obtained by integrating out the con- 
stituent quark fields %, and these pieces can be written in 
terms of the fields g/^ , M v q and Af£ . 

In the heavy-light case, the generalization of the meson - 
quark interactions in the pure light sector #QM is given by 
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the following SU (3)y invariant Lagrangian rl8l lT5lfTKI : 



Int 



-Gh 



X k H$Q v +Q v H k v X k 



(7) 



where Gh is a coupling constant, and is the heavy me- 
son field containing a spin zero and spin one boson: 



H k v = P^P k ^-iP k 5 y 5 ), 

Jfk = f( H kyy>. p ± = (i ±y . v )/ 2 . 



(8) 





Here the index k runs over the light quark flavours u,d,s. 
The fields PsiPji) annihilates a heavy-light meson with 
spin-parity 0~(1~), and velocity v. Note that for anti- 
quarks, the heavy quark field Q v = has to be replaced 
by the heavy antiquark field <2v in and 0. At the 
same time, the heavy meson field # v 
has to be replaced by the ant imeson field 
velocity v is replaced by (— v). 



# v (+) in Q and ® 



and the 



In our model, the hard gluons are thought to be integrated 
out and we are left with soft gluonic degrees of freedom. 
Emission of such gluons can be described using external 
field techniques [El> an d their effect will be parameter- 
ized by vacuum expectation values, i.e. the gluon conden- 
sate (^G 2 ). Our model dependent gluon condensate con- 
tributions are obtained by the replacement 



4n 2 S ab a s 2 



?liocgv(3 



(9) 

We observe that soft gluons coupling to a heavy quark is 
suppressed by 1/mg, since to leading order the vertex is 
proportional to v M v v G^ v = 0, v M being the heavy quark 
velocity. 

Note that opposite parity heavy meson states, like the re- 
cently discovered D* resonance, can also be incorporated 
in the formalism f 1 1 81 . 

3 Bosonization within the HL^QM 

The interaction term J£i nt in Q can now be used to 
bosonize the model, i.e. integrate out the quark fields. 
This can be done in the path integral formalism, or in 
terms of Feynman diagrams by attaching the external fields 
H^H^,y^,^ and M v q A of section 2 to quark loops. 
Some of the loop integrals will be divergent and have to 
be related to physical parameters, as for the pure light sec- 
tor [El El El EI- The strong chiral Lagrangian has the 
following form (see [|H1EI an d references therein): 



Sfstr = -Tr [H k (ivD)H k ] + Tr [H k H h v^ 



-g^Tr [H k H h y^ 



Y hk\ 



-2Ai7Y 



H k H h (M v q ) hk +... (10) 





V a ,A a 



V a ,A a 



Figure 1. Diagrams contributing to the lowest order heavy-light 
chiral Lagrangian. 



where the velocity index on the heavy meson field is sup- 
pressed, the ellipses indicate other terms (of higher order, 
say), and contains the photon field. The trace runs over 
gamma matrices. 

Comparing the loop integral for the diagrams in figure [l] 
with the vector field attached to the light quark, we ob- 
tain the following identification: 



-iG 2 H N c (I 3/2 + 2mI 2 - 



/(8-3tt) a s 2 
384N r m 3 [ n )} 



1 



(11) 



where I3 h and 1% are linear - and logarithmic - divergent 
loop integrals (these have to be interpreted as the regular- 
ized ones). Note that for the kinetic term in (TTT)t we obtain 
the same relation as (TTTl due to the relevant Ward identity. 

The relation (Tut is analogous to the pure light sector 
where the quadratic and logarithmic divergent integrals 
are related to / (the bare f n ) and the quark condensate [ 

ElElElini: 



-iAm 2 N c h- 



-AimN c h 



1 



24m 2 



71 



—^—( — G 2 ) 
I2m x 71 1 



(12) 



(13) 



where l\ is the quadratically divergent loop integral. As 
the pure light sector is a part of our model, we have to keep 
these relations in the heavy-light case studied here. 

Also from diagram[T] with the axial field ^ attached, we 
obtain a similar identification for the axial vector coupling 
grf. Using (ITTl this can be rewritten: 



gs/ = 1 + ^ iG H N c \ *3/2 



im \ 
16n) 



TT~ • (14) 
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Figure 2. Diagrams for bosonization of the heavy-light left 
handed quark current. 



Within a primitive cut-off regularization, I 3 / 2 is (in the 
leading approximation) proportional to the cut-off in first 
power [ 15 1, while it is finite in dimensional regularization. 
We will keep I 3 / 2 as a free parameter to be determined by 
the physical value of g^. 

Within HQEFT the weak current will, below the renormal- 
ization scale ji = mq (= m^,m c ), be modified in the fol- 
lowing way: 



(15) 



where k and h are light flavour indices. The 1/wg terms 
contain an extra co variant derivative and 



r^c r (Ai)r a ^ + c v ( A i)v^, 



(16) 



where L and R are left and right Dirac projection matrices. 
The coefficients Cy iV (fi) are determined by QCD renormal- 
ization for ji < mq and have been calculated to NLO. We 
obtain to zero order in the axial field srf^ (-or 0(p°) in the 
language of chiral perturbation theory. See figure|2|): 



a H 



Tr 



Zhk T0CH vh 



(17) 



where 



a H =- 2iG H N c 



-ml 



i(3K-4) a s 2 



(18) 

We observe that, as this relation involves I\ , there is a rela- 
tion between a# and the quark condensate [ 8 1 . 

The coupling a# in fTTl is related to the physical decay 
constant fy by considering (for H = B,D)\ 



{0\ufy 5 b\H) 



-2(0\J%\H) =iM H f H v a . (19) 



Combining this with (H71 . and adding chiral corrections 
and the 1/mq corrections indicated in (TT51 . we obtain 



where the model dictates us to put jl = A%. The quantities 
T]q and r\ x are given in [|8j. 

The gluon condensate can be related to the chromo- 
magnetic interaction via the H — H* mass difference: 



2 - Cm (H\Q v o GQ v \H) 



3m Q 



4M H 



(M H *-M H ). (21) 



An explicit calculation of the matrix element in equation 
(I2TI gives 



2 _ (tt + 2) 2 a s 2 

Mg- 32 m c m(A x )Cj h {—Cj ). 



(22) 



For further details, see [|8|. 



4 B — B mixing and heavy quark effective 
theory 

At quark level, the standard effective Lagrangian describ- 
ing B — B mixing is [ 20 1 



c?AB=2 
^eff 



'SqMtibH^Qb, (23) 



where Gp is Fermi's coupling constant, the Vs are KM 
factors (for which q = d or s for B^ and B s respectively) 
and So is the Inami-Lim function due to short distance elec- 
troweak loop effects for the box diagram. In our case, 
x = x t = mj/Myr, where m t is the top quark mass. The 
quantity Qb = G(AS = 2) is a four quark operator 



QB = qLy a b L q L J a b L , 



(24) 



where (pi) is the left-handed projection of the q (b)- 
quark field. The quantities T]b and b(fi) are calculated in 
perturbative quantum chromodynamics (QCD). At the next 
to leading order (NLO) analysis it is found that v\b — 0.55 =b 
0.01 . At \i = m b (= 4.8 GeV) one has b(m b ) ~ 1.56 in 
the naive dimension regularization scheme (NDR). 

The matrix element of the operator Qb between the meson 
states is parameterized by the bag parameter Bs q : 



2 



{B\Q B \B) = -f l B M l B B Bq (ll) . 



(25) 



By definition, B Bq = 1 within naive factorization, also 
named vacuum saturation approach (VSA). 

In general, the matrix element of the operator Qb is de- 
pendent on the renormalization scale /I, and thereby Bs q 
depends on jl. As for K — K mixing, one defines a renor- 
malization scale independent quantity 



B Bq =b(n)B B (n). 



(26) 



(C 7 (ii) + C v (ii))a H - 



MQ 327T2/2 



(20) 



Within lattice gauge theory, values for B Bq between 1.3 and 
1.5 are obtained r l2Tl . 
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Running from jl = down to jl = A x = 1 GeV, there 
will appear more operators. Some stem from the heavy 
quark expansion itself and some are generated by pertur- 
bative QCD effects. The AB = 2 operator in equation (l24l 
for A x < jl <m b can be written r lj3ll24l : 




Qb = Ci Gi + C 2 Qi + — £ hXi + (1/mg) . 



Figure 3. Non-factorizable soft gluonic contribution to the bag 
(27) parameter. (Here T = t a y^ L.) 



The operator Gi is G# for b replaced by while G2 is 
generated within perturbative QCD for fi < m^. The oper- 
ators Xi are taking care of 1/ra/, corrections. The quantities 
C\,C2,hi are Wilson coefficients. The operators are given 
by 



= = = t 



G2 =2^G^ +) WvhQV , 
X x =2qLiD^Q^ ) qly lL Q ( f ) 



->(-) 



(28) 
(29) 
(30) 



There are also non-local operators constructed as time- 
ordered products of Q\ 2 and the first order HQEFT La- 
grangian in ©. The Wilson coefficients C\ and C2 have 
been calculated to NLO [ 123 and for jl = A x , C\(A X ) = 
1.22 and C2(A X ) = —0.15. The coefficients hi have been 
calculated to leading order (LO) in r l24l . 

In order to find the matrix element of Q 12 , one uses the fol- 
lowing relation between the generators of SU (3) c (ij,l,n 
are colour indices running from 1 to 3): 



Sir Si 



HjOln ; 



±-8 in 8 l j + 2t$ l t? j 



(31) 



where a is an index running over the eight gluon charges. 
This means that by means of a Fierz transformation, the 
operator Gi in (l28t may also be written in the following 
way (there is a similar expression for Q2): 



Gi = ^mfQ^WYnQ^ 



4qEt a 'f Gl +) qLt a 7 M Q\T } . 



(-) 



(32) 



The first (naive) step to calculate the matrix element of a 
four quark operator like Gi is to insert vacuum states be- 
tween the two currents. This vacuum saturation approach 
(VSA) means to bosonize the two currents in Gi (see JT5l ) 
and multiply them. 



The second operator in (1321 is genuinely non-factorizable. 
In the approximation where only the lowest gluon conden- 
sate is taken into account, the last term in (l32l can be writ- 
ten in a quasi-factorizable way by bosonizating the heavy- 
light coloured current with an extra colour matrix t a in- 
serted and with an extra gluon emitted as shown in figure^ 



Figure 4. Chiral loop corrections to the bag parameter. 



We find the bosonized coloured current: 



1G 



G Hgs r q 



xTr 



^fLH^ ( ±// 2 {a" v ,7-v}+ 

o7T 



(33) 



where { , } symbolizes an anti-commutator. The result 
for the right part of the diagram with B replaced by B 
is obtained by changing the sign of v and letting — > 

P5 ^ (see the comments below eq. ©). Multiplying the 
coloured currents, we obtain the non-factorizable parts of 
Gi and G2 to first order in the gluon condensate by using 
eq. 0. 

Now the bag parameter can be extracted and may be writ- 
ten in the form: 



3- 

V 



1 + ^-^ + 3W 



(34) 



where 



b = b{mb) 



ci-c 2 



l(C r + C v ) 2 



(35) 



The soft gluonic non-factorizable effects are given by 



B _ N C (^G 2 ) m 
G 32n*pJ* M B 



Ci 



C1-C2 



(36) 



where Kb is a hadronic parameter (depending on m,/,/i^ 
and grf) of order 2. Note that we are qualitatively in agree- 
ment with [|22|, where a negative contribution to the bag 
factor from gluon condensate effects is found. The for- 
mula (l34t is a generalization of a similar formula found for 
K-K mixing f HH . 
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Figure 5. The bag parameter B for B s as a function of m. 



Numerically, / and fs are of the same order of magnitude, 
and Sq is therefore suppressed like m/Mb compared to the 
corresponding quantity 



8% =N< 



<f^> 
32n 2 f 4 



(37) 



for^ 
as 1/ 



K mixing. However, one should note that fs scales 
Mb within HQEFT, and therefore 5^ is still for- 
mally of order (m^)°. The quantity % represents the 1/m^ 
corrections due to the operators X/. Furthermore, the quan- 
tity T x represents the chiral corrections to the bosonized 
versions of <2i,2 [0 and corresponds to the diagrams in 
figured The bag parameter B is plotted as function of m in 
figure|5]for the case B s . From Table 1 and [|3) we observe 
that our results are numerically in agreement with recent 
lattice results [ED. 



5 The processes B —> DD 

For these processes there are only two relevant four 
quark operators. Within Heavy Quark Effective Theory 
(HQEFT) [ 9 1, the effective weak non-leptonic Lagrangian 



can be evolved down to the scale ji ~ A x ~1 GeV r l25l . 
The b, c, and c quarks are then treated within HQEFT. As 
an example of a typical factorized amplitude we choose the 
case B° — » D + D~ which is visualized in figure|6l 

A(B® -^D Jr D~) F = 
G F 



V cb V; s a 2 t;(cQ)f D M D VMB~ME(X + CD) , (38) 



V2 



where £(to) is the Isgur-Wise function for the B — > D tran- 
sition. Here co = v-v f = v-v = Mb / (2M D ) and A = v • v' = 
(M%/(2M%) - 1), where v, v' and v are the velocities of 
the heavy b- c- and c- quarks respectively. The Wilson 
coefficients at contain short distance effects. Numerically, 
a\ ~ 10 _1 and a 2 ~ 1 at the scale jl = For ji <m c the 
tf/'s are complex and one has \a\\ ~ 0.4 and \a 2 \ — 1.4 at 
H ~A X -1 GeV rl251. 



Figure 6. Factorized contribution for B° — > D + D s through the 
spectator mechanism, which does not exist for the decay mode 
B° — > DfD~ we consider in this paper. The double dashed lines 
represent heavy mesons, the double lines represent heavy quarks, 
and the single lines light quarks. 




Figure 7. Factorized contribution for Z?° — > DfD~ through the 
annihilation mechanism, which give zero contributions if both Df 
and D~ are pseudo-scalars. 



The factorized amplitude for B° — > D+D~ is visualized in 
figure Unless one or both of the Z)-mesons in the final 
state are vector mesons, this matrix element is zero due 
to current conservation, which is analogous to the decay 
mode U ] K () ~K^ ] [0. 

In the following we will consider explicitly the decay 
mode B® -> D+Dj. The analysis of £° -> D+D~ pro- 
ceed the same way. To calculate the chiral loop amplitudes 
we need the factorized amplitudes for B*° — > and 
B° — > Z)* + Z>*~, which proceed through the spectator mech- 
anism as in figure We obtain the following chiral loop 
amplitude for the process B° — > D+D~ from the figure 03 

A(¥^DfD;) x = (V c * d /V c * s )A(¥ d ^D+D;) F - R* , (39) 

where the factorized amplitude for the process B° — > 
D + D~ is given in d38l. 

The quantity 7?* is a sum of contributions from the left and 
right part of figure [SJ and proportional to (rriKg^/^Tlf) 2 
which is l/N c suppressed. Numerically, 



R x ~ 0.12-0.26/. 



(40) 
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Figure 8. Non-factorizable chiral loops for 5° — ► DfD s 





I *7 



Figure 10. Gluon condensate contributions to B — > Dr/'. 



We find the branching ratios 




Figure 9. Non-factorizable contribution for B° — ► DfD~ through 
the annihilation mechanism with additional soft gluon emission. 
The wavy lines represent soft gluons ending in vacuum to make 
gluon condensates. 



The genuine non-factorizable part for B° — > D+D~ at quark 
level can, by means of Fierz transformations and the iden- 
tity (l3Tl . be written in terms of coloured currents. 

The left part in figure with gluon emission gives us the 
bosonized coloured current which is the same as for B — B 
mixing in eq. (l33l . For the creation of a DD pair in the 
right part of figure there is an analogue of (l33l . We find 
the gluon condensate contribution for B° — > D+D~ within 
our model: 



A(B° 
V2 



DfD;) G = 

^=V cb V*a 2 (^G 2 ) 



71 



384m 



F G 



(41) 



where Fq is a dimensionless complex function of A . The 
ratio between this amplitude and the factorized one in (l38l 
scales as Md/(N c Mb) times hadronic parameters calcu- 
lated within HL^QM. We define a quantity R G for the 
gluon condensate amplitude d4lT> analogously to R x in (l39b 
for chiral loops. Numerically, we find that the ratio be- 
tween the two amplitudes in (ETTl and (l38l is 



# G - 0.055 + 0.16/ 



(42) 



which is of order one third of the chiral loop contribution 
in eq. (l40l» . 

Note that our non-factorizable amplitudes in (l39l and d+fl 
are proportional to the numerically favourable Wilson co- 
efficient <22- 



.d+d;)^7x10- 5 , 



BR(B® ->D + ir) ~ l x 10" 



(43) 
(44) 



The difference between the two branching ratios is mainly 
due to the difference in KM factor. For further details we 
refer to [@|. 

As mentioned above, the decay mode D° — > K°K° [ |6| is 
analogues to B® — > DfD~ in the sense that there are only 
non-factorizable contributions. The soft gluonic effects are 
similar to that in figure |9j but with b replaced by c, which 
means that the left part of the diagram can still be described 
within HL^QM. In the right part of the diagram, cc has to 
be replaced by ss, and s replaced by d. In addition there 
is a mass insertion for the light quark part. However, the 
chiral loop diagrams are rather different in the two cases 
because there is only light mesons in the final state for the 
mode Lfi ^K°K®. 

6 The process B ^Di} 1 

Within the HL^QM, gluonic aspects of r\' may be treated 
[ 5 1 . Using Fierz transformations for the four quark oper- 
ators for b — > cdu, we obtain contributions corresponding 
to figure [K)| In our approach two gluons are emitted from 
the light quark lines. One of these (the virtual g*) attach to 
the r] f gg* -vertex, and the other end in vacuum and make a 
gluon condensate together with one of the other soft glu- 
ons (g) from the r\' gg* -vertex. This vertex which can be 
written: 



-F , m 8 ab £^ vpa £ l 



2 n s s 



ju G%(0)q a 



(45) 



where G(0) is the soft gluon tensor, £ is the polarization 
vector of the virtual gluon, and q is the momentum of the 
r] f . We have used existing parameterizations of the r\'gg*- 
vertex form factor F in (l45l from the literature (at a scale 
of order 1 GeV they are numerically not very different). 
We have assumed that the current for B — > g* is related to 
the better known case B — > p : 



J^ a (B^g 



f d \bt a y^(l 



y 5 )d\B) 
-Ys)d\B) 
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Figure 11. pio as a function of the constituent light quark mass 
with and without gluon condensate. 



It turns out that the "factorizable" diagram to the left in fig- 
ure [K)| can be neglected compared to the non-factorizable 
diagram to the right. Using the knowledge of the B — > p 
current matrix element, we obtain the result [0 



Br(B — > Dr\) = (2.2 ± 0.4) x 10~ 4 
for m in the range 230-270 MeV. 



(46) 



8 Conclusion 

In [ [8| we have constructed a heavy-light chiral quark 
model including soft gluonic effects and chiral loops. The 
model describes the heavy-light sector reasonably well[ 
1?] |3 |6l El • There is, however a difference compared 
to the pure light sector where f K is precisely known. If 
fo and fs had been more precisely known, we would have 
used them as numerical input (together with g^) to fix m 
and (qq) within the model. Instead we have used typical 
values of m and (qq) (and g^) as input, while fo and Jb 
become output. (For a very recent review on numerical 
values for fo and see [ 27 1) 

The value of j3 turned out to be rather unstable [ [7) for 
the values of m and (qq) used in [|3l[8|. Higher values 
of m are needed to obtain an acceptable j3 in agreement 
with experiment. However, this will lead to values of fs 
and fu which are too small . This can be compensated by 
using a higher value of the quark condensate (qq). This is 
acceptable because our model dependent quantities ( qq ) 
and (^rG 2 ) are not necessarily exactly those obtained in 
QCD sum rules. 



7 The j8 term for £>* Dy 

The chiral Lagrangian /3-term has the form r fT9ll26l : 

J?p = e -P-Tr[HHoFQl}. (47) 

Here gf = (^Q q % + ZQ q &)/2, where Q q is 
the SU(3) charge matrix for light quarks, Q q = 
diag(— 2/3, — 1/3, — 1/3), and F is the electromagnetic 
field tensor. The j3 term can be calculated in HL^QM, by 
considering diagrams which look like those in figure[l] but 
with the vector and axial vector fields or g/^ replaced 
by a photon field tensor. To leading order, we obtained the 
following expression : 




(48) 

As seen from figure [H] P depends strongly on the con- 
stituent light quark mass m because there is a partial can- 
cellation between large terms in (l48l . One may hope that 
1 jm c corrections might help to stabilize the result , but this 
is not the case. In fact, l/m c corrections do not play a sig- 
nificant role for m > 230 MeV. (For smaller m they even 
pull in the wrong direction compared to the experimental 
value of order 2-3 GeV -1 [0). To obtain a value close to 
the experimental value for j3 , we need a value for m higher 
than used in [|5J Choosing m in the range 250-300 
MeV we find j3 = (2.5 ± 0.6) GeV -1 to be compared with 
j3 = (2.7 ±0.20) GeV -1 extracted from experiment. For 
further details we refer to [0. 



Table 1. Numerical values for the Z?- sector. 





Input values I 


Input values II 


G H 


(8.3 ±0.7) GeV" 1 / 2 


(7.2 ±0.5) GeV" 1 / 2 


<fG 2 > 1/4 


(300 ±25) MeV 


(340 ±20) MeV 


A 


(190 ±50) MeV 


(185 ±30) MeV 


fB, 


(210 ±70) MeV 


(215 ±45) MeV 


fBs/fB 


1.14±0.07 


1.22 ±0.02 


K 


1.51 ±0.09 


1.52 ±0.07 




1.4±0.1 


1.4±0.1 




1.08 ±0.07 


1.16 ±0.04 



In Table 1 we have given our numerical values for a few 
important quantities in the B- sector. We have considered 
two sets of input. The first one is I: m = 190 to 250 MeV 
and -(qq) 1/3 = 230 to 250 MeV [EH3. The second one is 
II: m = 250 to 300 MeV and -(qq) l/3 = 250 to 270 MeV 
[ 7 1. In both cases, g^ = 0.59. For further details we refer 
to [ |3| Q El. Note that the quantity ^ in the table is defined 

as £ = ^f Bs \[~&b^J I [fB d \j~&B^J as usual. We observe 

that B is very stable with respect to variations in the input 
parameters. 

Our model [ 8 1 is different from [ 15 16 1 in the sense that 
we include the (phenomenological) gluon condensate. The 
figures [H] and [l2| illustrates the importance of the gluon 
condensate at different values of m. In figure [l2| the curves 
will be lifted for the quark condensate value II. 
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Figure 12. fs as a function of the constituent light quark mass 
with and without gluon condensate. 
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